Introduction
============

Gastric cancer is the fourth most common malignancy worldwide with a relatively higher incidence in eastern Asia region.[@b1-ott-8-3029] And it is the third leading cause of cancer-related deaths, responsible for 723,000 deaths annually.[@b2-ott-8-3029] The long-term prognosis of gastric cancer patients is still dismal with a less than 30% 5-year survival rate.[@b3-ott-8-3029],[@b4-ott-8-3029] The unsatisfactory prognosis of gastric cancer largely results from lack of effective biomarkers and targeted therapy. Therefore, it is important to elucidate the molecular mechanism involved in the development and progression of gastric cancer, and these will provide new avenues to identify novel biomarkers and therapeutic targets of gastric cancer, which may significantly improve the clinical outcomes of gastric cancer patients.

Forkhead box protein A1 (FOXA1), a member of forkhead box gene superfamily, is a pioneer transcription factor[@b5-ott-8-3029] and plays pleiotropic roles in the development and differentiation.[@b6-ott-8-3029]--[@b10-ott-8-3029] It induces the rearrangement of nucleosomal and alters the chromatin accessibility for other collaborating transcriptional regulators.[@b5-ott-8-3029],[@b11-ott-8-3029] In this way, FOXA1 regulates tissue-specific transcriptional programs and plays critical roles in cell growth, proliferation, apoptosis, and differentiation.[@b11-ott-8-3029] Recently, emerging studies have focused on investigating the role of FOXA1 in human malignancies.[@b5-ott-8-3029],[@b7-ott-8-3029] Notably, FOXA1 was found to be overexpressed in anaplastic thyroid cancer,[@b12-ott-8-3029] lung cancer,[@b13-ott-8-3029],[@b14-ott-8-3029] and esophageal cancer[@b13-ott-8-3029] suggesting the oncogenic roles of FOXA1 in human cancers. Nuclear staining of FOXA1 promoted cell proliferation of thyroid cancer[@b12-ott-8-3029] and metastasis of prostate cancer[@b15-ott-8-3029] and lung cancer.[@b14-ott-8-3029] Otherwise, FOXA1 participated in the hepatocarcinogenesis of male mice and was responsible for the sexual dimorphism of hepatocellular carcinoma.[@b16-ott-8-3029] However, in pancreatic cancer, the expression of FOXA1 in poorly differentiated tissues was significantly lower as compared with that in normal epithelium and precancerous lesions,[@b17-ott-8-3029] suggesting a tumor suppressive role of FOXA1. Therefore, the role of FOXA1 in human malignancies seems to depend on the cancer type. However, the clinical significance of FOXA1 and its biological role in gastric cancer are still undefined.

In the present study, our results confirmed that the expression of FOXA1 was significantly upregulated in gastric cancer as compared with matched noncancerous tissues. The positive expression of FOXA1 was significantly correlated with adverse clinicopathological features and reduced survival of gastric cancer patients. Furthermore, we suggested that FOXA1 might promote gastric cancer cell proliferation and inhibit apoptosis partly by upregulating Yes-associated protein (YAP) expression.

Materials and methods
=====================

Patients and clinicopathological data
-------------------------------------

A total of 80 pairs of clinical specimens including gastric cancer and matched tumor-adjacent tissues were obtained from patients who underwent curative gastrectomy in the Department of Gastrointestinal Surgery at Union Hospital during December 2007 to December 2009. All patients including 55 males and 25 females did not receive any radiotherapy or chemotherapy before surgical resection. All samples were collected and evaluated for FOXA1 expression after obtaining informed consent from patients. The clinicopathological data of these enrolled patients were collected from medical records and presented in [Table 1](#t1-ott-8-3029){ref-type="table"}. The protocols of this study were approved by the Huazhong University of Science and Technology Ethics Committee according to the *Declaration of Helsinki* (as revised in Tokyo 2004) (Permit Number: 2014-0065).

Immunohistochemical staining
----------------------------

Formalin-fixed samples were embedded in paraffin and cut into 4 μm thick sections. The sections were deparaffinized using xylene and rehydrated through graded ethanol. Antigen retrieval was conducted and heated at boiling point for 2 minutes. Endogenous peroxidase activity of these slides was quenched by incubation with 3% hydrogen peroxide for 10 minutes. After incubating with 5% of bovine serum albumin for 10 minutes, these sections were incubated overnight at 4°C with primary antibody against FOXA1 (1:100, \#5089, Abcam, Cambridge, MA, USA) or Ki-67 (1:100, \#9027, Cell Signaling, Danvers, MA, USA). The biotinylated secondary antibody (ZSGB-Bio, Beijing, People's Republic of China) was used to detect the primary antibody. Then sections were incubated with diaminobenzidine and counterstained with hematoxylin. Finally, they were dehydrated in graded ethanol and transparentized in xylene. The percentage of positive tumor cells was graded as per the following criteria: 0, less than 10%; 1, 10%--30%; 2, 31%--50%; and 3, more than 50%.

Cell culture and transfection
-----------------------------

Human gastric cancer cell lines, SGC-7901 and MGC-803, were purchased from the Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, People's Republic of China) for in vitro experiments. Cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco, Grand Island, NY, USA) containing 10% fetal bovine serum (Gibco) with 100 units/mL penicillin and 100 μg/mL streptomycin. All cells were maintained in a 5% CO~2~ atmosphere at 37°C.

The targeted sequences for FOXA1 small interfering RNA (sense 5′-GCACUGCAAUACUCGCCUU-3′) or a nonspecific duplex oligonucleotide as a negative control were synthesized by Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, People's Republic of China). The non-targeting vector (TR30012, OriGene, Beijing, People's Republic of China) or the FOXA1-specific short hairpin RNA (shRNA) (TR312942, OriGene) was transfected into gastric cancer cells using Lipofectamine 2000 following the manufacturer's instructions (catalog number: 11668-027, Thermo Fisher Scientific, Waltham, MA, USA). The cells were collected for further experiments 48 hours after transfection.

Immunoblotting
--------------

Cells were lysed in RIPA buffer (50 mM Tris pH 7.5, 150 mM NaCl, 1% TritonX-100, 5 mM ethylenediaminetetraacetic acid) supplemented with inhibitors of proteases. Protein concentration was measured by the BCA Kit (Pierce, Rockford, IL, USA). Protein samples (20 μg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes. The polyvinylidene fluoride membranes were then incubated with antibodies against the following primary antibodies: FOXA1 (1:1000), YAP (1:1000, \#12395, Cell Signaling), Caspase-3 (1:1000, \#9662, Cell Signaling), and glyceraldehyde 3-phosphate dehydrogenase (1:1000, \#2118, Cell Signaling). After washing the membranes three times with Tris-Buffered Saline Tween-20, blots were probed with horseradish peroxidase-conjugated secondary antibodies (1:10000, Bio-Rad Laboratories Inc., Hercules, CA, USA) and detected using the HyGLO Horse reddish peroxidase detection kit.

Real-time quantitative reverse transcription polymerase chain reaction
----------------------------------------------------------------------

Total RNA was extracted from clinical specimens using TRIzol based on the manufacture's protocol (Invitrogen). Reverse transcription was performed using a Thermo Scientific RevertAid Premium First Strand cDNA Synthesis Kit (Thermo Scientific, Rockford, IL, USA). Power SYBR^®^ Green PCR Master Mix (Thermo Scientific) was employed to perform cDNA amplification. Specific primers to detect the expression levels of FOXA1 and YAP included: FOXA1 sense primer 5′-AGGGCTGGATGGTATTG-3′ and antisense primer 5′-ACCGGGACGGAGGAGTAG-3′; YAP sense primer 5′-CCTGCGTAGCCAGTTACCAA-3′ and antisense primer 5′-CCATCTCATCCACACTGTTC-3′. GAPDH gene was used as an internal control. The primers of GAPDH were 5′-CGGATTTGGTCGTATTGG-3′ and 5′-TCCTGGAAGATGGTGATG-3′. The relative expression of FOXA1 or YAP was normalized to internal control. Three separate experiments were conducted for each clone.

Proliferation and apoptosis assay
---------------------------------

An amount of 5×10^3^ gastric cancer cells per well were seeded into 96-well plates. The proliferation assay was assessed based on the instruction of the BrdU ELISA kit (Roche, Indianapolis, IN, USA). The percentage of apoptotic cells were investigated based on the instruction of Annexin-V-FLUOS Staining Kit (Roche). Briefly, 1×10^5^ cells were seeded in six-well plates and cultured for 24 hours. The cells were collected and resuspended in 100 μL binding buffer. Then, the cells were incubated with 5 μL fluorescein isothiocyanate-Annexin-V in the dark for 15 minutes at room temperature. Subsequently, 5 μL PI was added and incubated with the cells for 20 minutes at room temperature in the dark. Finally, the cell samples were examined in the flow cytometer. Each assessment of proliferation and apoptosis was repeated three times.

In vivo experiments
-------------------

An amount of 3×10^6^ SGC-7901 cells transfected with non-targeting shRNA or FOXA1 shRNA were resuspended in 100 μL of phosphate buffer saline and consequently injected subcutaneously into the right dorsal flank of 4- to 6-week-old male nude mice. Tumor volume was measured with calipers every 3 days, and then calculated as tumor volume = length × width × width/2. All mice were sacrificed at 3 weeks after the injection of SGC-7901 cells. The xenograft tumor tissues were isolated for pathological examination. Apoptosis cells in the isolated tumor tissues was detected using a TUNEL assay kit (4810-30-K, R&D Systems, Inc., Minneapolis, MN, USA) based on the manufacturer's guidelines. All in vivo experiments protocols were approved by the Institutional Animal Care and Use Committee of Huazhong University of Science and Technology.

Statistical analysis
--------------------

The quantitative data were compared between groups using the Student's *t*-test or analysis of variance (ANOVA). Categorical data were analyzed using the Pearson's *χ*^2^ test. The cumulative recurrence and survival rates were determined using the Kaplan--Meier method and log-rank test. A value of *P*\<0.05 was considered to be significant. All the analyses were performed using the SPSS statistical package for Windows Version 13 (SPSS Inc., Chicago, IL, USA) or GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA).

Results
=======

FOXA1 expression is elevated in gastric cancer tissues
------------------------------------------------------

Immunohistochemical staining was performed to investigate the expression of FOXA1 between gastric cancer tissues and matched tumor-adjacent tissues. As shown in [Figure 1](#f1-ott-8-3029){ref-type="fig"}, negative staining of FOXA1 was observed in adjacent noncancerous tissue ([Figure 1A](#f1-ott-8-3029){ref-type="fig"}), while positive staining of FOXA1 with nuclear location was presented in gastric cancer tissues ([Figure 1B--D](#f1-ott-8-3029){ref-type="fig"}). The comparison of immunohistochemistry scores indicated that the level of FOXA1 protein in gastric cancer tissues was significantly upregulated as compared with adjacent noncancerous tissues (*P*\<0.05, [Figure 2A](#f2-ott-8-3029){ref-type="fig"}). Furthermore, 20 randomly selected cases were subjected to quantitative reverse transcription polymerase chain reaction for FOXA1 mRNA. We found the expression of FOXA1 mRNA was significantly higher in gastric cancer tissues than that in corresponding tumor-adjacent tissues (*P*\<0.05, [Figure 2B](#f2-ott-8-3029){ref-type="fig"}). There results indicate an oncogenic role of FOXA1 in gastric cancer.

Positive expression of FOXA1 was associated with poor clinicopathological features
----------------------------------------------------------------------------------

To elucidate the clinical significance of FOXA1 expression in gastric cancer, we investigated the relationship between FOXA1 expression and clinicopathological features of the gastric cancer patients. The immunoreactivity of FOXA1 was considered as either negative (score 0) or positive (scores 1--3). As shown in [Table 1](#t1-ott-8-3029){ref-type="table"}, positive expression of FOXA1 in gastric cancer tissues was associated with poor tumor differentiation (*P*=0.021), large tumor size (*P*=0.005), and advanced tumor-node-metastasis stage (*P*=0.043). These results indicate that FOXA1 may promote the development and progression of gastric cancer.

FOXA1 is a prognostic predictor for gastric cancer patients
-----------------------------------------------------------

To further investigate the prognostic value of FOXA1 expression, the overall survival and the recurrence-free survival rates were compared between the FOXA1 positive (n=50) and FOXA1 negative groups (n=30). Kaplan--Meier survival curves showed that positive expression of FOXA1 in gastric cancer was significantly correlated with poorer overall survival (*P*=0.002, [Figure 3](#f3-ott-8-3029){ref-type="fig"}) and recurrence-free survival rates (*P*=0.007, [Figure 3](#f3-ott-8-3029){ref-type="fig"}). These data indicate that FOXA1 expression in gastric cancer is a potent predictor of patients' prognosis.

FOXA1 knockdown inhibits gastric cancer cell proliferation and promotes apoptosis in vitro and in vivo
------------------------------------------------------------------------------------------------------

To determine the underlying role of FOXA1 in gastric cancer, a specific FOXA1 shRNA was used to inhibit the expression of FOXA1 in SGC-7901 cells, which showed a relative higher basal expression of FOXA1. FOXA1 knockdown was confirmed by quantitative reverse transcription polymerase chain reaction and immunoblotting (*P*\<0.05, respectively, [Figure 4A and B](#f4-ott-8-3029){ref-type="fig"}). Subsequently, BrdU incorporation assays showed that the proliferation of SGC-7901 cells was significantly decreased after FOXA1 knockdown (*P*\<0.05, [Figure 4C](#f4-ott-8-3029){ref-type="fig"}). Otherwise, the percentage of apoptotic SGC-7901 cells was significantly increased after downregulation of FOXA1 (*P*\<0.05, [Figure 4D](#f4-ott-8-3029){ref-type="fig"}). Western blot analyses found that FOXA1 knockdown evidently increased the expression of cleaved Caspase-3 protein in SGC-7901 cells (*P*\<0.05, [Figure 4E](#f4-ott-8-3029){ref-type="fig"}). Notably, the effects of FOXA1 shRNA on gastric cancer cell proliferation and apoptosis were confirmed by a specific small interfering RNA targeting FOXA1 (data not shown). Furthermore, MGC-803 cells with FOXA1 knockdown were established (*P*\<0.05, respectively, [Figure 5A and B](#f5-ott-8-3029){ref-type="fig"}). Similarly, BrdU incorporation and flow cytometry assays indicated that FOXA1 knockdown inhibited cell proliferation and induced apoptosis in MGC-803 cells (*P*\<0.05, [Figure 5C--E](#f5-ott-8-3029){ref-type="fig"}).

Next, SGC-7901 cells that were transfected with non-targeting shRNA or FOXA1 shRNA were subcutaneously implanted into nude mice. As shown in [Figure 6A](#f6-ott-8-3029){ref-type="fig"}, FOXA1 knockdown significantly inhibited the growth of SGC-7901 cells in nude mice (*P*\<0.05). Moreover, Ki-67 staining and TUNEL assays showed that FOXA1 knockdown significantly inhibited SGC-7901 cell proliferation and promoted apoptosis in vivo (*P*\<0.05, respectively, [Figure 6B and C](#f6-ott-8-3029){ref-type="fig"}).

FOXA1 repression inhibits the expression of YAP in gastric cancer cells
-----------------------------------------------------------------------

Hippo-YAP signaling has been confirmed to play a fundamental role in the pathogenesis of gastric cancer.[@b18-ott-8-3029],[@b19-ott-8-3029] And inhibition of YAP expression led to a remarkable decrease of cell proliferation and increase of apoptosis in gastric cancer cells.[@b20-ott-8-3029] A recent study demonstrated that opening the compacted chromatin by FOXA1 around cAMP response element binding protein (CREB) binding site within the YAP promoter facilitates CREB-mediated YAP transcription in hepatocellular carcinoma.[@b21-ott-8-3029] Therefore, we investigated whether the effects of FOXA1 on gastric cancer cells were mediated via modulating YAP expression. Gastric cancer cell lines, SGC-7901 and MGC-803, were subjected to immunoblotting after FOXA1 knockdown. As expected, FOXA1 knockdown resulted in a significant decrease of YAP expression in both mRNA and protein levels in both SGC-7901 and MGC-803 cells (*P*\<0.05, [Figure 7](#f7-ott-8-3029){ref-type="fig"}). These data indicate FOXA1 may regulate the expression of YAP in gastric cancer cells.

Discussion
==========

Treatment of advanced gastric cancer is a challenge for the physician. Currently, molecular-targeted drugs such as Volitinib and Apatinib were applied to treat advanced gastric cancer and achieved a better clinical outcome for patients.[@b22-ott-8-3029],[@b23-ott-8-3029] Thus, it is critical to identify novel biomarkers and therapeutic targets for the diagnosis and treatment of gastric cancer. In this study, we investigated the expression status of FOXA1 in gastric cancer for the first time. Significant elevated expression of FOXA1 in both mRNA and protein levels were observed in the gastric cancer tissues as compared with those in matched tumor-adjacent tissues. And it was more important to disclose that positive expression of FOXA1 was correlated with adverse clinicopathological features and poor prognosis of gastric cancer patients. Therefore, FOXA1 can potentially serve as a novel biomarker with a remarkable value in predicting the clinical outcome of gastric cancer patients.

The potential oncogenic role of FOXA1 in gastric cancer promoted us to investigate its biological role. Previous studies[@b24-ott-8-3029],[@b25-ott-8-3029] have confirmed that FOXA1 was a forkhead transcription factor that regulated the chromatin structure and recruited other transcription factors to promote transcription of downstream targets. Functionally, FOXA1 was reported to be an important regulator of cell proliferation, cell cycle, and apoptosis.[@b26-ott-8-3029]--[@b28-ott-8-3029] In our study, both in vitro and in vivo experiments demonstrated that FOXA1 knockdown inhibited cell proliferation and induced apoptosis in gastric cancer cells. Therefore, our data reveal that FOXA1 plays an oncogenic role in gastric cancer by promoting cell proliferation and preventing apoptosis.

Hippo-YAP signaling pathway has been found to play a critical role in gastric cancer.[@b18-ott-8-3029]--[@b20-ott-8-3029],[@b29-ott-8-3029] The expression of YAP has been confirmed to be significantly higher as compared with matched normal gastric mucosa in prior studies.[@b30-ott-8-3029]--[@b32-ott-8-3029] And YAP regulates proliferation and apoptosis of gastric cancer cells.[@b20-ott-8-3029] Thus, YAP has been regarded as a therapeutic target of gastric cancer.[@b33-ott-8-3029] Interestingly, a recent study of hepatocellular carcinoma found that FOXA1 could open the compacted chromatin around CREB binding site within the YAP promoter, facilitated CREB-mediated YAP transcription, and thus resulted in increased expression of YAP in hepatocellular carcinoma cells.[@b21-ott-8-3029] Therefore, we speculated that FOXA1 might exert its regulating effects on the proliferation and apoptosis of gastric cancer cells by modulating the expression of YAP. After repression of FOXA1 expression in gastric cancer cells with FOXA1-specific shRNA, the level of FOXA1 mRNA and protein was significantly decreased. These results suggest that FOXA1 may regulate cell proliferation and apoptosis at least in part through modulating YAP expression in gastric cancer cells.

Conclusion
==========

The present study demonstrates for the first time that FOXA1 is overexpressed in gastric cancer. The positive expression of FOXA1 is associated with poor prognostic features and reduced survival of gastric cancer patients. Furthermore, FOXA1 plays an oncogenic role in gastric cancer by promoting cell proliferation and inhibiting apoptosis. FOXA1 may facilitate tumor growth of gastric cancer by modulating YAP. Taken together, this study indicates that FOXA1 may be a potent prognostic biomarker and can potentially serve as a therapeutic target of gastric cancer.
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![Immunohistochemical staining of FOXA1 in tumor-adjacent tissues and gastric cancer tissues.\
**Notes:** (**A**) Negative staining of FOXA1 in the tumor-adjacent tissues; (**B**) Low, (**C**) medium, and (**D**) high expression of FOXA1 in gastric cancer tissues. Scale bar: 50 μm.\
**Abbreviation:** FOXA1, forkhead box protein A1.](ott-8-3029Fig1){#f1-ott-8-3029}

![Expression levels of FOXA1 in gastric cancer tissues (T) and matched non-tumor tissues (NT).\
**Notes:** (**A**) Comparing differences in the expression levels of FOXA1 protein between gastric cancer tissues (T) and matched non-tumor tissues (NT). (**B**) qRT-PCR demonstrated that the mRNA level of FOXA1 in gastric cancer tissues was significantly increased as compared with that in matched non-tumor tissues. \**P*\<0.05 by *t*-test.\
**Abbreviations:** FOXA1, forkhead box protein A1; NT, non-tumor tissues; qRT-PCR, quantitative reverse transcription polymerase chain reaction.](ott-8-3029Fig2){#f2-ott-8-3029}

![Prognostic value of FOXA1 for gastric cancer patients.\
**Notes:** Gastric cancer patients were divided into FOXA1 negative (n=30) and positive groups (n=50) according to the immunostaining scores. Both the overall survival (left panel) and recurrence-free survival rates (right panel) in the FOXA1 positive group were significantly reduced as compared with those in FOXA1 negative group.\
**Abbreviation:** FOXA1, forkhead box protein A1.](ott-8-3029Fig3){#f3-ott-8-3029}

![FOXA1 knockdown inhibits gastric cancer cell proliferation and induces apoptosis in SGC-7901 cells.\
**Notes:** (**A**) and (**B**) FOXA1 shRNA significantly inhibited the levels of FOXA1 mRNA and protein in SGC-7901 cells; n = three independent experiments. (**C**) SGC-7901 cell proliferation measured by BrdU incorporation was inhibited by FOXA1 knockdown; n = three independent experiments; n = three independent repeats with similar results. (**D**) Apoptosis assays demonstrated that FOXA1 knockdown increased the percentage of apoptotic SGC-7901 cells; n = three independent repeats with similar results. (**E**) Western blot analyses indicated that FOXA1 knockdown increased the expression of cleaved Caspase-3 protein in SGC-7901 cells; n = three independent experiments. \**P*\<0.05 by *t*-test.\
**Abbreviations:** FOXA1, forkhead box protein A1; NT, non-targeting; shRNA, short hairpin RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; FITC, fluorescein isothiocyanate.](ott-8-3029Fig4){#f4-ott-8-3029}

![FOXA1 knockdown inhibits cell proliferation and induces apoptosis in MGC-803 cells.\
**Notes:** (**A**) and (**B**) FOXA1 shRNA significantly inhibited the level FOXA1 mRNA and protein in MGC-803 cells; n = three independent experiments. (**C**) MGC-803 cell proliferation measured by BrdU incorporation was inhibited by FOXA1 knockdown; n = three independent experiments. (**D**) Apoptosis assays demonstrated that FOXA1 knockdown increased the percentage of apoptotic MGC-803 cells; n = three independent repeats with similar results. (**E**) Western blot analyses indicated that FOXA1 knockdown increased the expression of cleaved Caspase-3 protein in MGC-803 cells; n = three independent experiments. \**P*\<0.05 by *t*-test.\
**Abbreviations:** FOXA1, forkhead box protein A1; NT, non-targeting; shRNA, short hairpin RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; FITC, fluorescein isothiocyanate.](ott-8-3029Fig5){#f5-ott-8-3029}

![FOXA1 knockdown suppresses tumor growth in nude mice.\
**Notes:** (**A**) SGC-7901 cells that were transfected with FOXA1 shRNA or NT shRNA were injected subcutaneously into nude mice. Tumor growth curves showed that SGC-7901 cells with FOXA1 knockdown (n=6) exhibited a significant slower growth as compared with control cells (n=6). \**P*\<0.05 by ANOVA. Scale bar: 1 cm. (**B**) Representative immunostaining of Ki-67 and quantitative analysis of Ki-67 positive cells showed that FOXA1 knockdown significantly reduced cell proliferation; n=6, \**P*\<0.05 by *t*-test. Scale bar: 20 μm. (**C**) Representative staining of TUNEL and quantitative analysis of TUNEL positive cells revealed that FOXA1 knockdown significantly increased the number of apoptotic cells; n=6, \**P*\<0.05 by *t*-test. Scale bar: 20 μm.\
**Abbreviations:** FOXA1, forkhead box protein A1; NT, non-targeting; shRNA, short hairpin RNA; ANOVA, analysis of variance; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.](ott-8-3029Fig6){#f6-ott-8-3029}

![Downregulation of FOXA1 reduces the expression of YAP in gastric cancer cells.\
**Notes:** SGC-7901 and MGC-803 cells that were transfected with FOXA1 shRNA or NT shRNA were subjected to qRT-PCR and Western blot for YAP expression. (**A**) and (**B**) FOXA1 knockdown significantly reduced the level of YAP mRNA in both SGC-7901 and MGC-803 cells. (**C**) and (**D**) Inhibition of FOXA1 clearly decreased the expression of YAP protein in both SGC-7901 and MGC-803 cells; n = three independent repeats with similar results. \**P*\<0.05 by *t*-test.\
**Abbreviations:** FOXA1, forkhead box protein A1; YAP, Yes-associated protein; qRT-PCR, quantitative reverse transcription polymerase chain reaction; NT, Non-targeting; shRNA, short hairpin RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.](ott-8-3029Fig7){#f7-ott-8-3029}

###### 

Clinical association analysis of FOXA1 expression in gastric cancer

  Clinicopathological features   Total no of patients, n=80   No of patients   *P*-value   
  ------------------------------ ---------------------------- ---------------- ----------- --------------------------------------------------
  Age (years)                                                                              
   \<65                          41                           29 (70.7)        12 (29.3)   0.119
   ≥65                           39                           21 (53.8)        18 (46.2)   
  Sex                                                                                      
   Male                          55                           38 (69.1)        17 (30.9)   0.071
   Female                        25                           12 (48.0)        13 (52.0)   
  Histology                                                                                
   Well, moderate                40                           20 (50.0)        20 (50.0)   0.021[\*](#tfn1-ott-8-3029){ref-type="table-fn"}
   Poor, signet                  40                           30 (75.0)        10 (25.0)   
  Size (cm)                                                                                
   \<5                           37                           17 (45.9)        20 (54.1)   0.005[\*](#tfn1-ott-8-3029){ref-type="table-fn"}
   ≥5                            43                           33 (76.7)        10 (23.3)   
  Depth                                                                                    
   T~1~                          19                           10 (52.6)        9 (47.4)    0.309
   T~2~--T~4~                    61                           40 (65.6)        21 (34.4)   
  Lymph node metastasis                                                                    
   Absent                        28                           18 (64.3)        10 (35.7)   0.809
   Present                       52                           32 (61.5)        20 (38.5)   
  Lymphatic invasion                                                                       
   Absent                        21                           11 (52.4)        10 (47.6)   0.265
   Present                       59                           39 (66.1)        20 (33.9)   
  Venous infiltration                                                                      
   Absent                        57                           36 (63.2)        21 (36.8)   0.848
   Present                       23                           14 (60.9)        9 (39.1)    
  TNM stage                                                                                
   I, II                         50                           27 (54.0)        23 (46.0)   0.043[\*](#tfn1-ott-8-3029){ref-type="table-fn"}
   III, IV                       30                           23 (62.5)        7 (37.5)    

**Note:**

Statistically significant.

**Abbreviations:** FOXA1, forkhead box protein A1; TNM, tumor-node-metastasis; no, number.
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